A cytopathogenic strain of bovine viral diarrhea virus was intravenously inoculated into 14 pregnant susceptible and two control heifers at 150 i-I days of gestation.
Epidemiological investigations have suggested that bovine viral diarrhea infection of pregnant cows may be responsible for abortions, early neonatal deaths, and neural and ocular anomalies [21, 371 . Experimental infection of susceptible pregnant heifers with bovine viral diarrhea virus or in utero inoculation of bovine fetuses at various stages of gestation has confirmed many of the epidemiological observations and established that the virus can act as a teratogenic agent [9, 11, 22, 35, 381 . Susceptible pregnant heifers inoculated with virus before 90-100 days of pregnancy are more likely to abort or to deliver a stillborn calf, whereas congenital malformations are more likely to occur in the offspring of susceptible heifers inoculated with virus between 100 and 170 days of pregnancy [ l l , 22, 351 . Little or no effect is seen on the fetuses of susceptible heifers inoculated after 170 days of gestation [ l l , 221.
BROWN et al. [9] described congenital brain lesions in four calves from susceptible heifers inoculated, at various stages of pregnancy, with a noncytopathogenic strain of virus. The brain lesions were confined to the cere-bellum in these calves. A uniform granuloprival hypoplasia of all folia was seen in the cerebellum of the calf whose dam was inoculated at 79 days of gestation. The cerebellar changes in the calves from dams inoculated at 116, 146, and 150 days were more focal and more severe. They were characterized by severe cavitation, folial degeneration, and some granule cell depletion. The cerebellar lesions in the latter animals were considered to be more a result of necrosis of the cortical layers and white matter than of hypoplasia of the external germinal layers.
The sequential development of cerebellar lesions in bovine fetuses from susceptible heifers inoculated at midgestation with bovine viral diarrhea virus is described.
Materiuls and Methods
Sixteen pregnant Holstein-Friesian heifers with known breeding dates were housed in an isolated barn. Fourteen of the heifers did not have serum neutralizing antibody titers against bovine viral diarrhea, and the two that did were used as controls. The animals were serologically surveyed monthly to ensure that the animals susceptible to the virus remained so. Before inoculation of virus, the pregnant heifers were moved into environmentally controlled individual isolation units. On day 149, 150, or 151 of gestation, 250 OOO TCID,, (median tissue culture infective dose) of a cytopathogenic strain (Holmes) of diarrhea virus were inoculated intravenously into each heifer (table I) . Normal rectal temperatures and leukocyte counts for each heifer were established during the 2 weeks prior to inoculation. After inoculation rectal temperatures were recorded every 8 h, blood was collected daily for leukocyte counts, and serum saved for determining serum neutralizing antibody titers. These procedures continued for 14 days. Serum samples were then collected weekly until the heifers were removed from the experiment.
Two of the susceptible heifers and one of the two controls were allowed to calve normally. The fetuses of the other heifers were taken by caesarian section at various times after inoculation (table I) .
Fetuses were exsanguinated by intracardiac puncture immediately after removal from the heifers. Of the two calves from the susceptible heifers, one (F56) died 8 h after birth and the other was killed by electricity at 10 days of age. The calf from the control heifer was electrocuted at 6 days of age.
Immediately after death of either the fetus or the calf, the eyes were removed; one was fixed in Zenker's solution and the other used for virus isolation and immunofluorescent studies. The brain was divided in half along the median plane, and one half was fixed by immersion in 10% buffered neutral formalin. The other half was used for virus isolation, interferon, immunofluorescent, and ultrastructural procedures. The spinal cord was also fixed in 10% buffered neutral formalin. Selected tissue samples from other areas of the fetus were fixed in Carnoy's or Bouin's solution, or both.
Tissue sections were embedded in paraffin, cut at 6 pm, and stained with hematoxylin and eosin (HE). Selected brain tissues were stained with luxol-fast-blue-cresyl echt violet . Selected cerebellar tissues were fixed in 4% glutaraldehyde, then in 1 % osmium tetroxide, and embedded in epon-araldite mixture. Sections 0.5 or 1 bm thick were cut and stained with 1 % aqueous methylene blue or 1 % toluidine blue.
The cytopathogenic Holmes strain of diarrhea virus, isolated from the maternal and fetal tissues of a pregnant cow that died of natural infection [36] , was used. The inoculum was a second passage of this virus that had been grown in fetal bovine spleen cells. Five milliliters of a 1 :2 dilution of the stock virus with a titer of 104/0.1 ml or approximately 250 OOO TCID,, of the virus were inoculated intravenously into each heifer.
Results
After inoculation of virus into the susceptible pregnant heifers at 149, 150, or 151 days of gestation, a clinical response characteristic of experimental bovine viral diarrhea infection occurred [34] . There were diphasic temperature rises at approximately 3 and 7 days after inoculation, leukopenia beginning at 1-2 days and lasting for approximately 6 days, and the appearance and gradual increase in bovine viral diarrhea serum neutralizing antibodies at 8 days or shortly thereafter. Similar responses did not occur in the control heifers.
Each of the surgically derived fetuses was alive at the time of the caesarean section, as evidenced by a prominent heartbeat and repeated gasping.
Clinical Findings
The term susceptible fetus (F45) delivered at 279 days of gestation or 129 days after inoculation was allowed to live for 10 days. It was almost totally blind and had a slightly hypermetric gait of the pelvic limbs. Limb weakness was not detected, and the spinal reflexes in all limbs were judged to be normal.
The term control fetus (F52) delivered at 278 days of gestation or 127 days after inoculation was observed for 6 days and found to be normal.
Gross Pathology
No lesions were seen in the fetuses taken at 4, 7, 13, and 14 days after inoculation. The gross lesions in the other fetuses were limited to the cerebellum.
Folial edema and focal cortical hemorrhages were present in the cerebellums of fetuses taken at 17 and 21 days. Edema was present in all but a few folia in the 17-day fetus and only in scattered groups of folia in the 21-day fetus ( fig. 1 ). The edematous folia were swollen, gray to red-brown, and somewhat translucent. After fixation, the edematous cerebellar tissue was softer than that of normal fixed fetal cerebellar tissue. The hemorrhagic foci were diffusely scattered in the cerebellums of both fetuses. In the 17-day fetus, they were small pinpoint to 1-mm petechiae, whereas in the 21-day fetus they were larger, irregular areas of hemorrhage up to 2 cm in diameter ( fig. 2 ).
Gross lesions were not seen in the 24-and 27-day fetuses. The cerebellar lesions observed in the 42-day fetus and in fetuses taken at later stages of gestation, with the exception of the 56-day fetus whose cerebellum was normal, were similar and differed only in the degree of severity. Cavities, generally between 1 and 7 mm in their greatest diameter, were numerous in the cerebellums of these fetuses ( fig. 3 ). Although the cavities varied in number and size from fetus to fetus, there was no apparent correlation between the severity of cavitation and the stage of gestation at which the fetus was taken. The large cavities frequently opened into the subarachnoid space. The walls of such cavities were often thin, membranous structures that served as com- mon boundaries between adjacent areas of cavitation. Much of the damaged tissue was yellow-gray as compared with the gray-white parenchyma in more normal areas. The cavities were areas where there had been a partial to total loss of from one to several folia.
Gross lesions were not seen in the two control fetuses taken at 28 and 133 days.
Histopathology
Microscopic lesions were not seen in the fetuses taken at 4, 7, 13, and 14 days. The microscopic cerebellar lesions in the other fetuses correlated well with the gross lesions. Those in the 17-21-day fetuses were acute, whereas those in the 42-day fetus and subsequent fetuses had evolved as a consequence of the acute lesions.
The acute lesions in the 17-and 21-day fetuses were characterized by a marked edematous distention of the folial white matter ( fig. 4) , necrosis of the undifferentiated cells in the external germinal layer ( fig. 5 ), and by focal hemorrhages randomly scattered through the cortex and edematous folial white matter ( fig. 6 ). The lesions were somewhat more acute and of a greater degree of severity in the 17-day fetus than in the 21-day fetus.
The cerebellar leptomeninges of both fetuses were distended by mononuclear cells, some of which were lymphocytes or plasma cells. The meningeal infiltrate was more pronounced in the 17-day fetus. Moderate aggregates of cells resembling foci of lymphoreticular proliferation were occasionally seen in the meninges of the 21-day fetus. There were several areas in the leptomeninges of the same fetus where there had been a proliferation of fibrous cells causing adherence between adjacent folia and focal obliteration of the subarachnoid space.
Germinal cell necrosis was occurring or had occurred in the external germinal layer of both fetuses. This layer was uneven and ragged in the 17day fetus; some areas had no cells but others were many cell-layers thick. In depleted areas, numerous small, round, densely eosinophilic bodies varying from 4 to 8 pm in size were scattered among the few remaining, more normal cells. These structures were the necrotic remains of germinal cells. Similar necrotic cells were scattered through the molecular and Purkinje cell layers and among the small neurons of the granular layer. In the 21-day fetus, the external germinal layer was generally three to four cells thick but not uncommonly there were focal areas where it was absent or only represented by a thin layer of cells. Eosinophilic remnants of necrotic germinal cells were only occasionally seen.
Focal hemorrhages were in the cortices and folial white matter of both fetuses, but they were larger and more discrete in the 21-day fetus. Macrophages laden with hemosiderin were in the tissue and meninges adjacent to some areas of folial hemorrhage.
Microscopically, the folial edema was similar in both fetuses, but was more widespread in the 17-day fetus. The edema was confined for the most part to the folial white matter with some limited disruption of the adjacent cortical layer. The edematous white matter stained palely with only a rare lake of proteinaceous material evident. The glial cells, situated in a delicate lattice-like network of fibers, were more widely separated from each other than usual. A few inflammatory cells were scattered among the glial cells but tended to accumulate around small vessels. Most of these cells were mononuclear with some lymphocytes or plasma cells and an occasional polymorphonuclear leukocyte. A small amount of necrotic cellular debris was present in the edematous areas. An occasional swollen, eosinophilic dystrophic axon was seen in the edematous tissue of the 21-day fetus.
Many of the blood vessels adjacent to the edematous tissue in the cerebellar medulla and in the medulla oblongata of the 17-day fetus had proliferating endothelial cells and an occasional mitotic figure. Cuffs of mononuclear cells around these vessels were frequent and were thicker in superficial than in deep parts of the parenchyma. Only an occasional medullary vessel was reactive in the cerebellum of the 21-day fetus, and there was no perivascular cuffing.
Edema of the white matter extended slightly into the adjacent granular layers in some folia but seemed to have little adverse effect on the granular Fig. 5 . Cerebellum. Same fetus as in figure 1 (F46) . Thick section of epon-aralditeembedded tissue. Leptomeninges infiltrated with mononuclear forms to right of center. Underlying external germinal layer almost totally destroyed with only necrotic cellular debris remaining (long arrows). Necrotic cellular debris also in molecular, Purkinje cell and granular layers (short arrows). Methylene blue-basic fuchsin. Fig. 6 . Cerebellum. Same fetus as in figure 1 (F46) . Focal hemorrhages in cortex (long arrows). Moderate to abundant mononuclear inflammatory cell infiltrate in leptomeninges (short arrows). HE. Fig. 7 . Cerebellum. Same fetus as in figure 1 (F46) . Thick section of epon-aralditeembedded tissue showing pyknosis of Purkinje cells (long arrows). Normal Purkinje cells also evident (short arrows). Partially disrupted granule-cell layer to the left. Methylene blue-basic fuchsin. Fig. 8 . Cerebellum. Same fetus as in figure 2 (F55) . Long, slender folial cavity bounded dorsally by cortical tissue and ventrally by thin, membranous remnants of folial tissue. Artifactual loss of edematous white matter in the folium at the right. HE. layer neurons. Neuronal depletion was occasionally noted in the granular layer of folia in which there was depletion of the overlying external germinal layer. Such areas of cortical neuronal depletion were most frequently seen in the 21-day fetus.
There was a suggestion of Purkinje cell damage in the 17-and 21-day fetuses. Darkly stained, pyknotic Purkinje cells were interspersed with normal Purkinje cells in the tissues of the 17-day fetus embedded in epon-araldite ( fig. 7 ). In the 21-day fetus, there were scattered areas of depletion of Purkinje cells.
Glial nests, occasionally intermixed with inflammatory cells, occurred with moderate frequency in the cerebellar white matter of the 21-day fetus.
The first evidence of cerebellar cavitation was seen in the 21-day fetus ( fig. 8 ). Present in the white matter of one folium was a long, slender, irregular cavity bounded at one end by a thin membrane of neuropil-containing erythrocytes and inflammatory cells. The other end was filled with blood and was bounded by cortical layers of the folium depleted to various degrees.
Microscopic lesions were mild and mostly inflammatory in the 24-and 27-day fetuses. A few edematous areas could be seen in the cerebellar folial white matter of both fetuses, and in some places the external germinal layer decreased from five to six cells thick to one layer of cells.
Resolving Cerebellar Lesions
The microscopic lesions in the cerebellum of the 42-day fetus and in fetuses taken subsequently were moderate to severe and differed from those in the fetuses taken earlier in that they appeared to be the end stages of an acute process. Inflammation of the meninges and cerebellar parenchyma gradually subsided and was not seen in fetuses taken after 70 days.
Cerebellar cavities varying in size and number were seen in all but one of the fetuses taken at 42 days or later. A mild cerebellar leptomeningitis was the only lesion in the 56-day fetus. Extensive destruction of folial tissue, which often extended to and occasionally into the deep cerebellar white matter, resulted in the formation of large, irregular cavities ( fig. 9 ). Smaller cavities, when present, were in the white matter of folia that were usually close to areas of severe damage. In areas of extensive tissue damage, the walls of the cavities were thin and membranous and were most often composed of remnants of cortical tissue. In some places only neuropil, which contained few or no neurons, remained. Some of the cavities opened into the subarachnoid space as a result of complete destruction of the cortical Fig. 13 . Cerebellum. Newborn calf (F56). Swollen, dystrophic axonal remnants situated among the granular cells adjacent to the Purkinje cell layer of a vermian folium. HE. Fig. 14. Caudal cerebral artery. Same fetus as in figure 2 (F55) . Arteritis. To the right, a focus of mononuclear forms in the adventita extends partially into the media. To the left, the inflammatory cells extend through the media and at one point to the internal elastic lamina (arrow). HE. atrophy was seen in the other fetuses, but cerebellar cavitation was the predominant lesion in these.
More subtle lesions were also seen in some folia of the cerebellums from this latter group of fetuses. Occasionally, areas that did not stain with the myelin stain were seen in folia that were otherwise normal. These unstained areas were usually narrow and linear ( fig. 12 ). In the cerebellums of the two term animals, necropsied at 120 and 140 days, numerous swollen, light eosinophilic dystrophic axons ('axonal torpedos') were present in the granular layers ( fig. 13) [34] . These structures were most frequently adjacent to the Purkinje cell layers and approached the size of Purkinje cell somata. Some of the folia in the two term animals were hypoplastic and resembled similar folia that have been described in rodents and cats with congenital parvovirus infections [12, 271 . This suggested that in certain instances the bovine viral diarrhea virus causes damage only to the external germinal layer of a folium. Lesions were not seen in the cerebellums of the two control fetuses.
Lesions in other parts of the brains and spinal cords were most prominent in the 17-and 21-day fetuses and diminished to a point that they were not seen in fetuses taken after 42 days. A leptomeningitis similar to but less intense than that over the cerebellums was evident over the cerebral hemispheres. Perivascular cuffs of mononuclear cells, glial nests, and small inflammatory foci were seen in the brains and spinal cords. These lesions were more prominent in the 17-and 21-day fetuses. A moderately large focus and a small focus of hemorrhagic necrosis was in the dentate gyrus and hippocampus of the 17-day fetus. In the subventricular zone of the same fetus, necrotic cellular debris and an occasional inflammatory cell were scattered among the cells normally found there.
A mild vasculitis was seen in the caudal cerebral artery of the 21-day fetus ( fig. 14) , in other cerebral arteries of the same fetus, and in the 24-and 27-day fetuses. Ocular lesions were seen but will be described in another report [7] .
There was a marked diminution in the thymic weight and of the ratio of the thymic weight to the fetal weight of the 21-day fetus (table 11) . Precocious thymic involution was evident in the 21-and 24-day fetuses but was more pronounced in the former.
Foci of myocarditis were seen in both the left and right ventricular musculature of the 17-, 21-and 56-day fetuses. In the lung of the 21-day fetus, there was a moderate number of nodules of lymphoreticular hyperplasia in the interstitium usually adjacent to bronchioles.
Focal areas of inflammation or hemorrhage, or both, were seen in the lung, skin, kidney, epididymis, tunica vaginalis, urinary bladder, skeletal muscle and one umbilical vessel in the other susceptible fetuses. The caruncular tissue of heifer 55 was also infiltrated by mononuclear inflammatory cells. There was no consistent pattern to these lesions, and they were interpreted to be nonspecific changes.
Discussion
The presence of low levels of neutralizing antibody to diarrhea virus in the sera of the 56-, 83-, and 129-day fetuses and of various levels of immuno- In term fetuses includes gestational age plus number of days calf lived.
globulins M and G, in the sera of fetuses taken 17 days after inoculation or later [6] strongly suggests that the fetuses from the susceptible heifers were infected by the virus and that the lesions that we have described occurred as a result of viral infection. Cerebellar cavitation and folial degeneration were the predominate lesions in all but one of the fetuses taken at 42 days or later. We believe that the destruction of cerebellar tissue was responsible for the most severe lesions in the cerebellums of these fetuses. Our observations suggest that the end-stage lesion evolved from an acute lesion that first appeared approximately 2 weeks after infection of the dam and subsided sometime during the next 4 weeks. The residual lesion should most properly be referred to as cerebellar atrophy. Similar cerebellar lesions have been seen in newborn calves from dairy herds in which there was strong epidemiological evidence that natural bovine viral diarrhea infection had occurred several months before [8] . These observations suggest that the experimental cerebellar lesion does represent the type of congenital lesion that might be expected after natural infection of bovine fetuses. Other strains of the virus apparently cause similar lesions. Severe cerebellar cavitation and folial degeneration have been reported in three calves whose dams were inoculated with a noncytopathogenic strain of bovine viral diarrhea virus between 116 and 150 days of gestation [9] .
The residual cerebellar lesions most closely resemble those that evolve in the cerebellums of rats inoculated intracerebrally with lymphocytic choriomeningitis virus at 4 days of age [29] . Inflammation, which was seen in the leptomeninges and choroid plexus of such rats 5 days after inoculation, gradually increased in intensity and then subsided until it was absent at 21 days. The inflammatory exudate contained large and small mononuclears and macrophages. Cerebellar necrosis occurred by 7 days. Some folia were severely damaged and others only mildly. It was concluded that necrosis proceeded from the external germinal layer to the granular layers and then spread laterally. Necrosis of Purkinje cells and the white matter occurred subsequent to granular cell damage. Only the cerebellar medulla was consistently spared damage. The evolution of the cerebellar lesion was completed by 21 days, and residually only one to several folia or parts thereof remained.
The folial edema in the cerebellums of the 17-and 21-day fetuses was considered the most severe lesion and the one most responsible for the destruction of cerebellar tissue.
Cerebral edema in man is manifest by swelling, which is primarily a result of the enlargement of white matter [4, 141. Microscopically, edematous white matter stains more palely than normal white matter. There is a separation of nerve fibers and various degrees of injury to myelin sheaths and axons with the severity of damage being determined more by the duration of edema than by the intensity [4, 141. With subsidence of edema, permanent changes may occur in the white matter as a result of severe destruction of neural tissue, leaving grossly visible spaces [4, 141. More commonly, there is severe but incomplete loss of myelin sheaths and some axonal damage. The loss of oligodendroglia usually parallels the degree of myelin loss, and destruction of astrocytes may be extensive [4, 141. Since fetal white matter is especially vulnerable to injury [13, 17, 261, with the subsidence of severe edema, such as was seen in the folia of the 17-and 21-day fetuses, extensive destruction of neural tissue occurred, resulting in the partial to complete destruction of folia. Apparently, the edema resulted not only in the necrosis of white matter but of cortical tissue as well. Some of the more subtle lesions may have evolved as a result of edema that was limited to only part of a folium. Areas of restricted edema may have caused limited destruction of myelin sheaths and axons, resulting in the small areas that did not take the myelin stain. Likewise, minor axonal destruction as a result of edema may have been responsible for the axonal torpedos in the granular layers of the two term fetuses.
Undoubtedly, the necrosis of cells in the external germinal layer and other layers of the cortex that was unrelated to edema and the focal hemorrhages contributed to the lesions of the fetuses taken at 42 days and later. Hypoplastic folia in which there was a mild to moderate decrease in the granular cell population occurred in the cerebellums of the two term fetuses. The absence of other lesions in these folia suggests that the destructive effects of the virus were limited to the external germinal layer. Small cavities in the folia of some fetuses may have been areas of previous hemorrhage. The presence of hemosiderin-laden macrophages in the tissue at the edges of a few such spaces supports this suggestion. In other folia, in which there was a focal destruction of the cortical layers and sometimes the adjacent white matter, it was not possible to determine how these lesions evolved. It appeared that in damaged folia in which severe edema occurred, total destruction of folia was the most likely sequel, whereas in folia in which there was no edema or only slight edema, folial injury was less severe and was caused, in greater part, by cell necrosis in the cortical layers and focal hemorrhages.
CASARO [lo] used a different strain of the virus to inoculate bovine fetuses at various stages of gestation. He observed focal destruction of the external germinal layer associated with focal nonsuppurative leptomeningitis in fetuses inoculated at 113 or 143 days of gestation. These observations suggest that certain strains of the virus are not as virulent to the bovine fetus as are other strains and that infection of a bovine fetus at midgestation by a mildly virulent strain may result in transient lesions that will be resolved by or shortly after birth. Apparently, the infection of a bovine fetus by a virulent strain of bovine viral diarrhea virus does not always result in congenital lesions. The fetuses taken at 24, 27, and 56 days in this study had only mild inflammatory lesions that would have most likely resolved by the end of gestation.
The mechanisms by which teratogenic viruses cause their detrimental effects in fetuses are varied. The parvoviruses have an affinity for mitotically active cells and cause a selective destruction of the external germinal layer and to a lesser extent the Purkinje cells in appropriate fetuses [12, 25, 271. Infection of the lamb fetus by bluetongue virus during the first half of gestation results in the destruction of the immature cells of the subventricular zone [32] . As the lamb fetus increases in age it gains the ability to respond immunologically to the virus [31] . Infection of the older fetus results in a fairly rapid clearance of the virus without significant tissue injury [31, 321. The fetuses of sows inoculated early in gestation with hog cholera virus may develop severe, symmetrical cerebellar hypoplasia [20] . The exact mechanism by which these congenital lesions evolve has not been clearly presented, but it appears that a persistent virus infection results in the inhibition of cell division and function in selected tissues of the brain [19] . Immunosuppression of neonatal rats infected with lymphocytic choriomeningitis virus will prevent lesions from developing in the cerebellums of these rats even in the continued presence of the virus [30] . Even though this virus replicates preferentially in actively replicating neuronal populations, it apparently is unable to cause tissue damage in the absence of an intact immunological apparatus [30] . The exact manner by which the bovine viral diarrhea virus causes such severe damage to the cerebellum is not known. The extensive necrosis of the external germinal layer in the 17-day fetus suggests that the diarrhea virus does have an affinity for mitotically active cells that is similar to that of some of the other teratogenic viruses and can in some way cause destruction of selected populations of such cells. The occurrence of cerebellar edema and focal hemorrhages in fetuses infected with bovine viral diarrhea suggests that something occurs at the level of the blood vessels in the cerebellums of these fetuses to cause an interruption of normal vascular integrity. Considering the similarity of the residual lesions in the cerebellums of neonatal rats infected with lymphocytic choriomeningitis virus and bovine fetuses infected with bovine viral diarrhea, there might be an immunological basis for the bovine lesions; but more evidence for this is lacking.
The microscopic lesions in other areas of the brain and spinal cord were mild in comparison with the cerebellar lesions and similar to changes that have been described in the brain of fetuses with bovine viral diarrhea [5, 10, 151. The vasculitis seen with moderate frequency in the neural and extraneural tissues in this study and described in infected fetuses [lo, 15, 281 does indicate the ability of this virus to cause vascular injury. These observations suggest that in some unknown way the virus is responsible for a loss of vascular integrity in the cerebellum and ultimately for folial edema.
The extraneural lesions, other than in the eye, were nonspecific, usually inflammatory, and similar to those described previously in bovine fetuses infected with viral diarrhea [5, 10, 15, 281.
The involutionary changes observed in the thymuses of the 21-and 24-day fetuses most likely are an example of precocious thymic involution, which may be caused by various infections, steroids, malnutrition, and anoxia [2, 16] . The absence of signs of involution in fetuses taken after 24 days shows that either precocious thymic involution does not occur in all fetuses or, if it does, regeneration is complete within approximately a week.
